While incident elevations in blood pressure (BP) are apparent in preschool years, factors influencing BP in this population have received little attention. The purposes of this pilot study were to determine the feasibility of collecting data from preschoolers and their mothers and to determine effect sizes of relationships between BP and sex, race, birth status, body mass index (BMI), waist circumference (WC), geographic location, serum C-reactive protein (CRP), and salivary cortisol (morning, afternoon). A hypothesis-generating correlational design was used; 56 children, aged 3-5 years, were enrolled from six rural and urban Head Start programs in a southeastern state. On Day 1 of data collection, mothers completed demographic questionnaires and children had blood drawn by finger stick. On Day 2, children gave saliva samples for cortisol, were measured for height by stadiometer, weight by digital scales, and WC by tape measure and had their BP measured by Dinamap. Incident elevations in BP were found in 30% of children (17/56), the majority of which were of systolic BP; 65% of those with elevations were of normal weight. Data collection was feasible with few problems. Small-to-medium effect sizes were noted for BP status (normal, prehypertensive, and hypertensive) and cortisol p.m. and birth status (parent-reported prematurity or term); small effect sizes were seen for BP status and BMI, race, sex, and geographic location. CRP and cortisol had medium-and small-to-medium effect sizes, respectively, with diastolic blood pressure. Studies with larger, more diverse samples need to be conducted to test hypotheses posited from these estimated effect sizes.
Eighty million (1 of every 3) adults in the United States have hypertension (HTN), the most common modifiable risk factor for cardiovascular disease (CVD), and over 6 million (1 of every 8) children and adolescents aged 8-17 years have prehypertension or HTN (Mozaffarian et al., 2016; Olsen et al., 2016) . While the incidence of diagnosed prehypertension (blood pressure [BP] elevations from the 90th to the 95th percentile for age, sex, and height on three separate occasions) or HTN (BP readings !95th percentile for age, sex, and height on three separate occasions) may be relatively low in children, that of incident elevations in BP (single BP reading !90th percentile for age, sex, and height; National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004 ) is estimated to be much higher (7-37%; Peters, Whincup, Cook, Law, & Li, 2012; Rice et al., 2016; Vale, Trost, Rego, Abreu, & Mota, 2015) . Even single occurrences of incident BP elevations in childhood may be problematic because research has shown them to be moderately correlated (r ¼ .35) with adult hypertensive systolic BP (SBP) measurements (Oikonen et al., 2016) .
Incident elevations in BP are evident in preschool-age children (Beacher et al., 2015; Johnson, Montgomery, & Ewell, 2016; Rice et al., 2016; Ward, Robbins, Haden, Benson, & Esangbedo, 2016) and are an independent risk factor for HTN (Oikonen et al., 2016) and CVD (Daniels, 2012) . While researchers have identified risk factors known to influence BP in school-age children and adolescents (Mozaffarian et al., 2016) , evidence about factors that influence BP in preschool-age children is limited and inconsistent (Rice et al., 2016; Simonetti et al., 2011; Vale et al., 2015) . Factors that have been associated with BP in school-age children, adolescents, and adults are body mass index (BMI), socioeconomic status (SES; Mozaffarian et al., 2016) , race (U.S. Department of Health & Human Services, 2012) , prematurity (Zhang, KrisEtherton, & Hartman, 2014) , and sex (Mozaffarian et al., 2016) . The few studies (Rice et al., 2016; Simonetti et al., 2011) that have examined factors associated with BP in preschool children have included sex, BMI, and prematurity with mixed results. Further, researchers have not investigated biological markers such as C-reactive protein (CRP), a measure of systemic inflammation purported to be an underlying mechanism of HTN (Hage, 2014; Nappo et al., 2013) , or cortisol, a stress hormone related to BP (McEwen, 1998) , in preschoolers. The normal diurnal pattern of cortisol in adults includes higher levels of cortisol in the morning, and there is a stronger association of morning cortisol levels with BP than cortisol levels at other times of day. However, little evidence is available about diurnal patterns of cortisol in preschoolers or whether associations with BP differ with cortisol measurement times (Kudielka, Gierens, Hellhammer, Wust, & Schlotz, 2012) . Likewise, researchers have paid little attention to environmental factors such as geographic location. In adolescents (Brady & Matthews, 2006) and adults (Braveman & Gottlieb, 2014) , research has shown that chronic stress influences BP, and living in rural areas can influence BP since rural dwellers may have lower SES, less access to healthy food, and lower educational attainment (Braveman & Gottlieb, 2014) .
Researchers estimate that HTN will affect an additional 27 million Americans by 2030 if changes in current policy and actions to reduce CVD are not enacted (Heidenreich et al., 2011) . Critical to the goal of preventing HTN in adults is prevention of risk factors (primordial prevention) for HTN and promotion of cardiovascular health in childhood (Steinberger et al., 2016) . With incident elevations in BP already evident in preschool-age children (Johnson et al., 2016; Rice et al., 2016) , it is important to identify factors that influence BP at this early age in order to achieve primordial prevention.
We based the conceptual framework for the present study on the expanded biobehavioral interaction model (Kang, Rice, Park, Turner-Henson, & Downs, 2010) in which factors from interrelated domains (individual, psychosocial, behavioral, environmental, and biological) have implications for health outcomes. We posited that BP, as a health outcome in preschool-age children, can be influenced by many factors from both within and outside of the individual, including individual (height, weight, age, sex, birth status, and race), environmental (geographic location), and biological (CRP, cortisol) factors. The specific purposes of this pilot study were to determine the feasibility of collecting data about BP and factors that influence BP from preschoolers in educational settings and to determine the effect sizes of the relationships between BP and sex, race, birth status, BMI, waist circumference (WC), geographic location, serum CRP, and salivary cortisol (morning, afternoon). We will use findings from the present study to develop a larger study designed to test hypotheses about factors that influence BP in preschool-age children, with the ultimate goal of primordial prevention of risk factors for HTN.
Method and Material
We used a hypothesis-generating correlational design to address the study purposes. After approval by the University of Alabama at Birmingham Institutional Review Board and parental consent, we obtained 56 complete data sets from a sample of 65 Black and White 3-to 5-year-old children (mean age ¼ 52.8 months, SD ¼ 7.8 months) who were enrolled in one of the three rural or three urban Head Start (HS) programs in Alabama. These programs (U.S. Department of Health & Human Services Administration for Children & Families, 2015) provide comprehensive early childhood education, health, nutrition, and parental involvement services to lowincome children and their families. Low SES is a known risk factor for high BP in children and adolescents (Shi, de Groh, & Bancej, 2016) . Inclusion criteria were age of 3-5 years, enrollment in an HS program, ability to speak and understand instructions given in English, and written parental consent. We excluded children with conditions known to affect cortisol and CRP levels such as fever, Cushing's syndrome, or Addison's disease. Children received books, while mothers received US $10.00 cash as incentives to participate.
Collection of data occurred over 2 days in the HS centers to minimize the effect of the finger stick procedure (Day 1) on cortisol and BP levels (Day 2). On the first day, mothers gave consent and completed demographic data forms to report their children's sex, race, birth status (parent-reported premature or term status of child at birth), and existing medical conditions. Study staff obtained child serum samples for measurement of CRP by finger stick. Prior to the finger stick, the staff member provided a simple explanation of the procedure to the child (and parent), and we used puppets to distract the child during the procedure. On the second day of data collection, we obtained child salivary samples for cortisol by passive drool over a 3-min period between 9:00 and 10:00 a.m. and again between 1:00 and 2:00 p.m. We included the two measures of cortisol at different times to determine whether child diurnal patterns of cortisol were similar to adult patterns and whether associations with BP were related to the different collection times. We measured weight without shoes in pounds using a digital scale (SECA 703, Hanover, MD) and height in inches by portable stadiometer (SECA 217, Hanover, MD), according to protocol (Centers for Disease Control and Prevention [CDC], 2007) . At analysis, we converted weight to kilogram and height to meter to calculate BMI using the formula weight in kilogram/height in square meter. We determined BMI status according to the national BMI-for-age percentile charts, where the 85th-95th percentile is considered overweight and !95th percentile is considered obese (CDC, 2015) . We measured WC in inches using the AccuFitness MyoTape tape measure (AccuFitness MyoTape, Warminister, PA), according to protocol (CDC, 2007) .
After a simple explanation and a 5-min rest period during which books were read to the seated child, we collected two measurements of BP 2 min apart on the right arm of the child using a Dinamap Pro 100 (Critikon, Tampa, FL; with appropriate size cuff for arm circumference; National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004) . We averaged the two readings of SBP and diastolic blood pressure (DBP) for analysis. We determined BP percentiles for SBP and DBP based on an algorithm using age, sex, and height, according to national pediatric guidelines (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004) . We determined BP status based on BP percentiles classified as normal (<90th percentile), prehypertensive (90th-95th percentile), and hypertensive (!95th percentile; National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004) . To standardize BP levels for analysis, we calculated SBP z-scores (SBPz) and DBP z-scores (DBPz). If we noted elevations in BP, we informed the health coordinator and parents of the child and referred them to the child's health-care provider.
We separated serum samples, aliquoted them, and stored them in a À80 C freezer to avoid multiple freeze-thaw cycles. To measure circulating CRP, we used a commercial highsensitivity CRP enzyme-linked immunosorbent assay (ELISA) kit (GenWay Biotech, San Diego, CA) that has a coefficient of variation of 5% at a mean CRP of .004 mg/L. We immediately placed salivary samples for cortisol on ice and stored them in a À80 C freezer. On the day of assay, we completely thawed the samples and vortexed and centrifuged them. To measure salivary cortisol levels, we used a commercial high-sensitivity ELISA kit (Salimetrics, State College, PA) with a coefficient of variation of 4% at a mean cortisol level of .097 mg/dl that has been validated for measuring salivary cortisol in children. We measured all specimens in duplicate.
We calculated frequencies for categorical variables as well as means and standard deviations for continuous variables. We based effect sizes on Cramer's V for categorical variables and BP status and Pearson r for continuous variables and both SBPz and DBPz. To determine the magnitude of the effect sizes, we used Cohen's (1988) guidelines for Cramer's V and Pearson r with small effect sizes identified as correlations of .1, medium effect sizes determined as correlations of .3, and large effect sizes as correlations of .5. We set relevance thresholds at correlations of .2, such that we considered effect sizes of .2 or smaller less likely to be relevant. Table 1 displays descriptive information for the participants. Participants comprised 9 three-year-olds, 33 four-year-olds, and 14 five-year-olds. Descriptive statistics for BMI, WC, CRP, cortisol change, a.m. cortisol, p.m. cortisol, and BP appear in Table 2 . Based on BMI percentiles (CDC, 2015) , the majority of the children were of normal weight, with 25% being either overweight or obese. Using anthropometric percentiles for WC (Fryar, Gu, & Ogden, 2012) , the mean WC percentile for the sample was 46 (range ¼ 2-98, SD ¼ 28). We interpreted CRP values based on adult reference values since the United States does not have child reference values for CRP. According to the national guidelines (Pearson et al., 2003) , adults with CRP levels of <1 mg/L are considered as low risk, between 1 and 3.0 mg/L as moderate risk, and >3.0 mg/L as high risk for cardiac events. Based on these standards, 42 children were in the low-risk category, 5 were in the moderate-risk range, and 9 were in the high-risk range. The cortisol change (a.m.-p.m. cortisol) scores indicated that 16 participants had a decrease in cortisol from a.m. to p.m., as would be expected according to normal adult diurnal pattern, 7 had no change, and 28 had an increase in cortisol from a.m. to p.m.
Results
Based on BP percentiles (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004) , 17 (30%) of the participants had elevations in BP at or above the 90th percentile, 8 in the prehypertensive range and 9 in the hypertensive range. We considered the BP reading to be elevated if either the SBP or the DBP was elevated. The majority of elevations were in SBP (14/17), although some children (n ¼ 4) had elevations in both SBP and DBP. Among those with BP elevations, 5% were underweight, 65% were normal weight, and 30% were overweight/obese. We calculated Pearson r to determine associations between BMI, WC, cortisol a.m., cortisol p.m., cortisol change, CRP, and both SBPz and DBPz. Table 3 presents correlation coefficients and associated effect sizes. CRP had a medium effect size with DBPz. Cortisol a.m. had a small-to-medium effect size with DBPz, while cortisol p.m. had small-to-medium effect sizes with both SBPz and DBPz. Table 4 shows the associations between the categorical variables and BP status. Birth status had a small-to-medium effect size with BP status.
Discussion
Recruiting children and their parents, collecting finger stick samples and saliva samples from children, assessing child BP, and collecting data over 2 days were feasible. The recruitment efforts aimed at reaching parents and children were aided by engaging the directors and teachers at the HS centers, being present at pickup time to allow parents to ask questions, interacting with leaders of parent groups, and attending parent meetings. We invited parents and/or teachers to assist when children had the finger stick, which made the process easier. We also successfully employed distractors such as puppets during the procedure and applied finger bandages in the form of puppets after the procedure. During the rest period prior to the measurement of BP, we read books to the children. The children assisted with the BP measurement by pressing the "start" button on the machine. Dry mouths (even with rinsing of the mouth with water) were the most common problem with collecting saliva. Weather-related issues with resultant school closures required some rescheduling of data collection.
With regard to our findings, 30% of the children had incident elevations in BP at or above the 90th percentile. This result coincides with findings in other studies with preschool children, where BP elevations ranged from 7.7% (Vale et al., 2015) to over 30% (Beacher et al., 2015; Rice et al., 2016) . It is difficult to speculate about the prevalence of BP elevations in the preschool population since evidence suggests that BP is not be measured on a routine basis in children of preschool age (Beacher et al., 2015; Shapiro, Hersh, Caban, Sutherland, & Patel, 2012) . Further, even when studies on BP in children include preschool children as part of a mixed-age sample, investigators do not evaluate BP values for the preschool group separately (de Moraes et al., 2015) . This gap in the literature does not allow for comparison with findings from other studies with preschool children only.
The majority of elevations in BP in the present study were in SBP, consistent with findings in earlier studies of preschoolage children (Johnson et al., 2016; Rice et al., 2016) . Few children had elevations in DBP, a finding researchers have noted in other studies of preschool-age children (Flynn, Zhang, Solar-Yohay, & Shi, 2012; Hansen, Gunn, & Kaelber, 2007; Rice et al., 2016) . In contrast, in a retrospective study, Daley and colleagues (2013) noted that 43.9% of 922 children aged 3-5 years had DBP elevations.
In previous studies in school-age children and adolescents, researchers have linked BP elevations to BMI (Nichols, Rice, & Howell, 2011; Peters et al., 2012) . However, in the present study, BMI was not associated with SBP or DBP despite 25% of the total sample being overweight or obese. The effect size of BMI with SBPz and BMI was very small and that of DBPz and BMI small. WC was also not correlated with either SBP or DBP in the present study. These findings are consistent with our group's earlier study (Rice et al., 2016 ) but contrary to findings by Simonetti and colleagues (2011) in obese White European 5-and 6-year-olds. Vale, Trost, Rego, Abreu, and Mota (2015) also noted that obese White Portuguese children aged 3-6 years were 2 times more likely to have elevated SBP than nonoverweight or obese children. Differences between previous findings and those of the current study may be due to the geographic location of participants or the imprecision of BMI to differentiate excess adiposity in children (Affuso, Bray, Fernandez, & Cassazza, 2010) .
Elevations in BP in the present study were also not associated with sex or race, factors that prior research has found to be associated with BP elevations in school-age children (Nichols et al., 2011) and adolescents (Rosner, Cook, Daniels, & Falkner, 2013) . Findings related to an association between sex and BP in preschoolers have been mixed, with Simonetti and colleagues (2011) reporting that females had lower SBP than males, while Rice and colleagues (2016) reported higher SBP in females. Few investigators have considered race in the BP studies that have included preschool-age children primarily because samples have either been all Black (Johnson et al., 2016; Rice et al., 2016) or all White (Simonetti et al., 2011; Vale et al., 2015) . This gap in the literature makes it difficult to compare findings regarding race and BP. Further, there is some evidence to suggest that differences in BP by race may be, in part, due to differences in SES (Braveman & Gottlieb, 2014) , something that researchers have not addressed in studies with preschoolers.
In contrast to our negligible findings for associations between race and sex and BP, prematurity had a small-tomedium effect size with BP in the present study. This finding is also consistent with other studies of preschool-age children in the United States (Bonamy, Källén, & Norman, 2012; CDC, 2015; Rice et al., 2016; Williams, Strobino, Bollella, & Brotanek, 2004 ). Simonetti and colleagues (2011) also found, in 4,236 White European children aged 5-6 years, that those born premature had higher SBP than those born at term.
In addition to the associations with demographic variables, our examination of the relationships of CRP and cortisol with BP yielded intriguing results. Researchers have frequently noted the association of CRP and BP in adults (Hage, 2014) , but few studies have examined this relationship in children. Nappo and colleagues (2013) noted an association between serum CRP and DBP in 6,616 European children aged 2-9 years, while Cook and associates (2000) found a relationship between CRP and SBP in 699 British children aged 10-11 years. Elevations in CRP may be due to systemic inflammation; however, there is evidence to suggest that CRP level may be 40% heritable (Hage & Szalai, 2007) . To our knowledge, no studies have examined the genetic heritability of CRP levels in preschool children.
Analysis of the a.m. and p.m. cortisol levels and BP also yielded interesting results. The majority of participants had increases in p.m. over a.m. cortisol levels, something prior researchers also found in children aged 3-5 years who were enrolled in center-based care (Lumian, Dmitrieva, Mendoza, & Badanes, 2016) . Whether it is common for cortisol levels to be elevated in the p.m. in preschool-age children is difficult to ascertain because studies are limited. There is evidence to suggest, however, that cortisol levels in this population may rise for 45 min or longer after napping (Gribbin, Watamura, Cairns, Harsh, & LeBourgeois, 2011) . The majority of children in the present study napped, which could account for the p.m. elevations in cortisol. Interestingly, the p.m. cortisol levels had a small-to-medium effect size with both SBPz and DBPz, while a.m. levels had a small-to-medium effect size with only DBPz. It is difficult to compare our findings to prior results because, to our knowledge, no other studies including preschool-age children have examined these particular associations.
Implications for Research
The present study demonstrated the feasibility of obtaining BP, anthropometric, and salivary and blood biomarker measurements in preschool-age children for research purposes. Given the nature of a pilot study, there are limitations to our study that have implications for future research. The sample size was small, and the observed effects may be due to sampling error. Further, the size of the sample may have been inadequate for estimating the influence of some of the factors. A confirmatory study for the five observed relevant effect sizes of the 14 relationships we examined would require a sample of N ¼ 256 to attain 80% power at a falsediscovery-rate-corrected significance level of .017 (Glickman, Rao, & Schultz, 2014) . All of our participants had low SES, and results may not be applicable to participants with other SES. Participants were located in one rural and one urban area of the U.S. Deep South, which has the highest rates for CVD in the nation (Mozaffarian et al., 2016) . Findings might differ in studies with participants from other regions. The sample was limited to primarily White and Black nonHispanic participants and, therefore, findings may not apply to children of other races or ethnicities.
Other factors such as physical activity (Cesa et al., 2014 ) and sleep (Hannon et al., 2014) have been associated with BP in studies with older children and adolescents. Thus, it is important to consider these (physical activity and sleep) and environmental factors such as diet and air quality and parent factors such as BP levels, stress, and inflammation in larger studies with preschool-age children. Finally, larger samples would allow for testing of hypotheses and more precise estimation of effect sizes. If the goal is to prevent risk factors for hypertension in childhood and/or later in adulthood, then the factors that influence BP must be identified early. Since BP elevations are apparent in preschool-age children, it may be the optimal age to begin targeted interventions.
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